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A Study on the Processing of the Antarct1c Krill ( Euphausza su.ﬁerba )
‘ - ——The Manufacture and Storage of the Dried Krill.

Mao-Song CHEN and Shyh—Shl_uan CHANG : -

The purpose of this study was to find out proper procgssing method and
optimal storage conditions,of the dried Krill. The experimental sample used in
this study was frozen raw krill. The frozen raw krill were thawed in some kinds
of immersion solutions, then dried by sunlight, hot-air, or cold-air to produce
the dried krill, which wefe subjected to storage test.

The sample was thawed in pure water, 3% NaCl solution, 3% NaClsolution
mixed up with 1% sodium erythorbate, stationary air, or forced air, thenadded
with antoxidants (butylated hydroxyanisol or sodium erythorbate), or taste
blender (sorbitol), or antiseptic (sorbic acid) in further processing experiments
to observe their preventive effects on the discoloration and deterioration of the
dried krill during storage. The drying methods used were sun drying, hot-air
drying and cold-air drying.The products were sealed in polyethylene bags and
stored at room temperature or in a freezer to proceed the storage test. The
results were as follows:

(1) With the sun drying method, the frozen raw krill were bo11ed and dried
after having been thawed. The color of the dried products was better than that
without boiling.

(2)-The optimal moisture content of the dried krill was . between 20% and
30%. The packaging materials must be able to prevent the penetration of air.
When the dried krill were stored at lower temperature, the changes in pH, V.B.
N., color and odor were very little, and it was likely able to keep their quality
and appearance in better condition.

(3)The preventive effect of B.H.A. on.the discoloratin of the dried krill was
very good. The one added with 0.02% B.H.A. was better than that added with
0.01% B.H.A. The immersion solution consisted of 3% sorbitol and 1% sodium
erythorbate also had considerable effect of color preservation. . ' ;

(4) When 0.1% to 0.2% sorbic acid was added to the dried krill, the growth
of molds or bacteria was effectively inhibited..

(5) The cold-air dried krill had more proper moisture content and their
appearance and fragility were considerably better than those of other products.
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- Table 1. The yield, temperature, appearance of three kinds of

sun-dried krill.

Wt. of Wt. of . Drying Drying
Product maftaevx‘{ial product Y“:Id teinp. time Appearance
(g) (g) (%) ( °c) ( hr. )
raw-dried A 4,450 760 17.10 29-45 10.5 crude, dark red
raw-dried B 4,800 820 17.10 29-50 13.0 crude, dark brown

boil-dried | 4,650 1,060  22.79  29-45 9.5 imperfect, red
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Table 2. Chemical compositions of three kinds of sundried krill. -

Item raw-dried A raw-dried B -_bo~i'1¥'dried '.
~ Moisture (%) . 11.86 ' 13.08 11.87
Crude ash (%) 19.94 9.99 9.70
Crude protein (%) 48.13 R 55.36 o 56.73 .
Crude fat (%) o121 1609 13.93

V.B.N. (mg%) 26.94 - 45.99 - - - 8.08 -
pH . 6.88 . 6.83 - 7.69
V.B.N.* (mg%) 131.25 B 116.42 . . 28.34
pH* 6.95 : 6.89 7.68

*, - %After 12-day storage at room temperature.
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Table 3. Chemical compositions of hot-air dried krill.

363

Groﬁp*- Moisture Crude ash Crude protein  Crude fat‘
(%) (%) (%) (%)
1-1 44.08  5.06 40.29 10.34
1-2 22.95 7.43 36.83 13.28
I-3 3.89 9.98 70.52 14.44°
11-1 23.16 6.91 56.75 11.23
11-2 5.74 7.24 69.52 14.97
11-3 4.62 8.15 70.60 15.76
111-1 27.11 7.39 53.22 9.79
111-2 19.47 8.20 60.89 10.04
111-3 7.90 9.87 66.02 14.45
V-1 40.27 6.21 43.10 8.31
V-2 35.88 8.10 45.41 8.98
V-3 3.14 7.19 - 68.63 14.36
V-1 30.69 6.27 50.07 11.23
V-2 14.10 6.68 59.41 16.31
V-3 9.75 7.60 - 68.42 12.61

*#*The thawed krill in groups I, I, ]K, IV and V were boiled, respectively, in
0,1,2,3 and 4% sorbitol solutions before hot-air drying. The sub-groups 1,2 and
3 represent the products of 6.5, 7.5, and 8.5 hours of hot-air drying, respectiv—

ely.
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Table 4, The fragility of hot-air dried krill. (no. of dried krill : 20)

Cephalothorax Telson
Group* T % s 3 kk 1 ** Q% T3k
I-1 4 10 6 4 9 7
I-2 2 11 7 7 4 9
1-3 1 11 .8 6 7 7
II-1 3 10 7 9 6 .5
I1-2 3 7 10 6 5 9
1I-3 2 8 10 5 7 8
I1I-1 5 7 8 7 6 7
I11-2 6 10 4 9 6 5
111-3 6 7 7 10 6 4
V-1 5 9 6 16 4 0
Iv-2 2 11 -7 9 6 5
Iv-3 4 9 7 8 8 4
V-1 2 8 10 11 8 1
V-2 3 9 8 11 8 1
V-3 3 13 4 6 5 9

*See the footnote of Table 3. \
#kGrade 1:little destruction; Grade 2:some destruction; Grade 3:severe destruction.
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Table 5. Changes in odor*#* of hot-air dried krill during-storage at

20~30°C and —18~—22°C for 35 days.

G * 0 days 7 days 14 days 21 days 28 days _ 35 days

roup AwF BwF AWk BaF  Axk PR Awr PBEE AR Bxx AWK B¥*

-1 3 3 . 4 3 4 3 4 3 -4 3 4 3
I-2 B 2 2 3 2- 3 2 4 2 42 4 2
1-3 1 1. 1 1 1 1 2 1 2 1 2 1
II-1 2 2 2.2 3 2 4 2 4 2 4 2
I1-2 1 1 2 1 2 1 2 1 3 1 3 1
11-3 11 2 1 2 1 2 1 2 .1 2 1
111-1 2 2 3 2 3 2 4 2 4 2 4 2
) 2 2 3 2 3 2 4 2 4 2 4 2
111-3 1 1 2 1 2 1 2 1 2 1 2 1
IV-1 2 2 3 -2 - 4 2 4 2 4 2 4 2
V-2 2 2 3 2 4 2 4 2 4- 2 4 2
V-3 1 1 11 11 2 1 2 1 2 1
V-1 2 2 3 2 3 2 3 2 3 2 4 2
V-2 2 2 2 2 3 2 3 2 3 2 3 2
V-3 1 1 2 1 2 1. 2 1 2 1 2 1

*See the footnote of Table 3.
#xA:stored at 20~30°C; B:stored at- 18~—22 C.
xkxQdor grade 1, excellent:2,good;3,light rancidity and off-flavor;

4,severe ranC1d1tY and off- flavor

-
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Table 6. Changes in V.B.N. of hot-air dried krill during storage at
20~-30°C for 35 days. (unit:mg2%)

Group* Odays 7days l4days 35days
1-1 170.01 193.36 257.42 —
1-2 14.97 20.95 46.69 —
I-3 - 19.76 — 25.74 - 134.39
1I-1 : 30.53 — - .
11-2 36.52 — 44.89 111.35
11-3 19.76 — 25.14 31.13
II1-1 23.35 159.24 — -
I11-2 _ 18.86 — 27.54 —
II1-3 — - 23.94 19.46
1v-1 173.01 146.67 256.22 -
1v-2 23.34 — 83.21 - —
Iv-3 14.37 1497 19.76 17.06
V-1 53.28 — — -
V-2 20.36 — 22.15

V-3 10.78 — . 16.76 57.71
*See the footnote of Table3. '

= RUBME AT R B S R AR

g Table 7a, TbalBLR M RER (20~30° C )Rk (—18~—22° C)FpIpEEZBLER -
FRERE sHzARE (LB ~%aE (bE) WESRIER e ) FERPZ
5 » REBIVHE ( 3R ERINE) ZaERHBEEESEE » A Ma4EFRHEME ; mTable
T E R BN FHERNER » IR IVEAENHIORFHEY 0 KR Z a7 BB 2810 » XA
&R R A MR IRk G IR - AESU - PR —18~—22° C R » MATHRMIM » £#8ZL,D
fEEER A 2 » RELEFHH20~30° C E Hoik » HIBEHEE L R {KADE - HafilifhmRlz
> {B5E 35 REGR MG A8 mBRBRERFREME - ot %Nﬁa@jfﬂ@%ﬁﬁfmﬁ'
-Table 7c REFHRIMNAR » BHABKBEA -

mtﬁ%ﬁaﬁﬁﬁﬁﬂ!@ﬁ&—m~mzrC%ﬁﬁ%@ﬁiﬁﬁﬁ%ﬁEmFﬁmCﬁﬁ%
Rtk o st » REUEMERRTLZE S R A RNE R IFIGRRIER « RERBS AR 1%K 3%
RERREE - HREERS 1 ILRER T TERHEREN » SEH MBS BT I » MR
SBEEFRICEEZBE » BAERERRED ;| RUUSMEHKE R LA - Siell L RumiER
{EMELZRE » FREOAKER - B2 EH%%E%17&ﬁ§mﬁmm37ﬁ§$¢éﬁﬂﬁ'
ﬁ&&%S/mW@%3/ﬁ@K%K*Eﬂ% %ﬁ%mﬁﬁﬁ&ZéE
MO~ A2 A

[ EORH 6 L TR SR » L BB A R 17 O » %%@ﬁ@ﬁ%ﬁZTmﬁ%ém%ﬁ
RIS » HUBZ REAATRYS - AERZMEEES 20~22°C » FUEEI0,740g » M
HE 9,0008 » BHEWMEES 16.20% « RKEESLE @25~ » 7625° C ZAKEHMRE
B » BRI » (A7E10°C LT 2k e ki » HEEIEM ; ot - £LL SHABA» W& 0.5
% RYULIMEE A » B BIEE10° C LUF LR MR 2 M BIERS + R 2H R ML BATL46.7mg %

(22~25°CZ2 BB B30mg% ( 5~10°CZefifin) BZE22.2mg% « HBSRY MoREt &
REBRSZHEREE » B ZKBEEL CLUT - '



T 366 Bulletin of Taiwan Fisherieé Research Institute

Table 7a. Changes in color of hot-air dried krill during storage at
20~30°C for 35 days. :

0day 7days 14days 35days
*
Group*\———=—%—— T 2 ® L a b L a b
I-1 44.1 19.6 17.6  34.2 152 13.9  34.9 14.7 143 297 13.2 11,5
1-2 44.2 19.8 17.0 37.0 13.1 14.4 381 12.0 150 35.8 9.3 12.4
1-3 51.4 20.1 16.7 41.0 13.2 14.2 420 12.9 145 38.4 12.1 13.9
11-1 44,5 10.2 16,3  36.7 13.0 14.4 — —  — 332 6.4 9.6
11-2 48°8 17.6 13.9 39.8 13.5 14.4 41.0 12.0 15.1 37.6 12.3 14.0
11-3 496 17.6 14.7 . 40.4 14.7 14.2 40.6 13.3 14.9 37.7 12.3 13.2
mI-1 | 42.9 20.2 159 35.7 14.8 13.9 _ = = 34,2 12.2 11.6
111-2 43.9 18.0 15.0' 36.2 13.9 13.9 37.8 11.6 147 36.1 9.2 114
111-3 465 17.6 136 39.7 13.2 14.0 39.8 12,9 149 38.2 11.0 14.3
V-1 43.8 19.7 15.8 347 16.4 13.9 37.0 16.1 147 32.6 16.3 12.6
1V-2 43.4 19.2 155 34.6 16.3 13.5 35.9 16.1 14.6 32,5 16.1 11.3
V-3 48'8 17.0 .14.8- 39.7 16.4 13.2 36.8 16.2 14.7 37.9 16.0_13.6
V-1 43.9 18.5 156 35.4 147 139 — @— @ — 34.8 11.7 12.2
V-2 46.2 17.2 14.7 38.4 13.0 13.6 39.8" 12.7 13.9 36.6 10.2 13.7
V-3 47.8 17.5 14.7 39.8 12.9 14.5 40.2 11.0 151 36.9 10.2 14.1
*See the footnote of Table 3.

Table 7b. Changes in color of hdt—air dried krill during storage

at —18~—22°C for 35 days. ’
0day 7days . 1l4days 35days

&
Growp* \—v——"—3—F 32 5 L a. b L a b
I-1 44,1 19.6 17.6  37.1 14.8 14.4 37.2 14.6 14.6 35.8 15.6 14.1
I-2 44.2-19.8 17.0 35.1 13.1 13.0 35.0 13.7 14.0 33.4 129 12.2
I-3 51.4 20.1 16.7 41.7 11.5 13.8 43.2 12.3 141 39.6 12.1 12.2
11-1 445 10.2 16.3 36.4 14.3 14.1 35.2 14.3 14.0 355 145 13.7
11-2 188 17.6 13.9 39.1 13.6 12.8 40.1 13.00 13.1 37.8 13.6 12.4
11-3 49.6 17.6 14.7 .41.0 12.9 136  41.0 13.0 13.6  38.9 12.4 12.4

-

I11-1 42.9 20.2 15.9 36.6 15.6 14.6 36.6 15.2 14.3 34.1 14.5 13,0 .
II1-2 43.9 18.0 15.0 36.7 13.9 13.7 . 35.0 13.6 13.6 32.4 142 12.4
II1-3 46.5 17.6 13.6 40.8 13,5 13.8 40.1 13.5 13.4 38.6 13.8 12.7

-1 | 43.8 19.7 158 37.6 15.1 14.5 37.1 157 150 34.7 16.0 13.4:
V-2 435 192 155 36.8 151 146 37.0 15.2 14.6 33.1 157 12.9
1V-3 88 170 148 40,9 125 13.9. 42,0 12.5 13.9 38.9 124 12.5.

V-1 43.9 18,5 15.6 36.9 13.4 14.3 36.3 14.5 14.2 35.2 13.7 12;7 |
V-2 46.2 17.2 14.7 35.8 13.4 13.0 38.0 12.4 13.5 36.3 12,9 12.4
V-3 47.8 17.5 14.7 39.1 12.8 13.2 39.0 12.3 13.5 37.3 13.1 12,5

*See tHe footnote of Table 3.
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Table 7c. Changes in ‘color and appearance** of hot-air dried krill estimated
by organoleptic method during storage at 20~30°C for 28 days.

20~30°C . | —18~—22°C
Odays 7days  14days 21days 23days | 0~28days

Group*

1-1
I-2
1-3

II-1
-11-2
I1-3

I11-1
II1-2
III-3

-1V-1
IV-2
IV-3

V-1
V-2
V-3
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L
=

=
gx
==
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25
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Wi m>>m>>'>>>‘g>>
we> wrE wEE whk Wk
W Wr> wEk Sww wwe
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*See the footnote of Table 3.
**Symbol A:light red;
“ B:dark red;
M:molded.
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Table 8. Changes in moisture of cold-air dried krill during storage at
: 15~25°C for 35 days.

Group* : ' 0day 7days 1l4days ‘2ldays 28days 35days
Control-1 17.57 14.97 17.79 16.75 17.62 17.10
Control-2 16.40 13.17 15.07 15.28 16.66 15.50
1-1 18.45 12.64  16.29 15.30 17.56 16.76
1-2 - 14.18 13.14  13.49 14.42 15.24 14.50
T-1 40.15 44.73 44.67 43.68  45.39 44.16
I-2 22.80 21.20  21.50  21.17 21.80 20.27
m-1 o 4456  39.36  41.52  41.96  41.94  41.49
m-2 - 22.61 21.60 21.35 22.52  21.49 21.52
V-1 22.78 21.65 2320  21.60 22.40 23.68
V-2 14.64 14.09 12.34 12.98 13.52 14.21

‘*The thawed ksill in groups I,X,I,NVand the control were boiled in 3%Nacl
solution containing 0.01%,0.02%,0.01%,0.02% and 0% B.H.A., respeéitively, and
the boiled krill were then spraved with 0.1%,0.1%,0.2%,0.2% and 0% sorbic acid
solution in alcohol, respectively.- The sub-groups 1 and 2 represent the products
of 20 and 28 hours of cold-air drying, respectively. .

Table 9. Changes in pH of cold-air dfied krill during sforage at " /
15~25°C for 35 days.

Group* 0day 7days. 14days 21days 28days 35days
Control-1 7.42 7.34 7.30 7.22 7.17 7.08
Control-2 7.45 7.36 7.30 7.26 7.16 7.05
1-1 7.33 7.98  7.16 7.25 7.23 7.10
S I-2 7.28 7.98 - 7.28 7.24 7.20 7.23
CI-1 7.45 . 7.36 - 7.50 7.42 7.74 7.63
-T2 7.28 . 7.29 7.39 7.24  7.20 7.09
m-1 7.37 - 7.30 | 7.35 7.23 7.17 7.10
n-2 7.22 7.93 7.21 7.19 7.13 7.10
V-1 7.17 7.18 7.11 7.12 7.09 7.04
V-2~ 7.21 7.21 7.10 7.17 7.11 7.06

*See the footnote of Table 8.

Table 10. BRLFAZESSK MMV, B. N. FBMERSR o &0V B. N (e RIS A Wi
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Table 10. Changes in V.B.N. of cold-air dried krill during storage at
15~25°C for 35 days. S ‘ L

Group#* - 0day 7days l4days 2ldays 28days: 35days

Control-1 7.87 8§87  11.64  12.99  15.01  19.34

Control-2 612 915 1044 12.88 1378 17.02
1-1 , . 6.89 9.48 1074 .12.78  25.49  18.10
1-2 6.92 395 10.60 10.79  13.56  17.35
-1 1022 12.62  25.00  52.79 105.99 : 122.08
-2 11.85 12,53  13.60  17.70  18.44  22.09
m-1 1075 12.47 1351 16.94  19.03  27.96
-2 10058 11.95 13.93  15.80  18.31  21.13
-1 : 12.00 1343  13.87 1499  17.94  22.44
V-2 8.89 3'87  10.32  10.00 1430  17.62

*See the footnote of Table 8.

= B.H.A.BEBZREHRE:

B 15—25° C R 2 (ML T ablell. I « £42 L, a, bERSLIRRHSERIAS »
B T35 B i S A o FRBHRAMRIERE o B4 RS RHEORLE (aff) » B B.H. A
S PR INE0.02% Ei0.01% HHEIalE » BRB.H.A. RERFHREEER -

Table 11. Changes in color of cold-air dried krill during storage at
15~25°C for 35 days. ’

; 0day ‘ 7days 21days 35days

p *

Group* \w——>—4——[  a b L a b L a b

Control-1140.5 16.5 15.4 40.4 16.9 17.4 348 119 13.3  36.2 11.3 14.7
Control-2{40.6 15.4 15.1 47.0 16.7 17.0 36.3 10.3 13.7 37.6 10.7 15.0
T-1 - [39.0 16.7 14.4- 44,9 195 16.2 32.2 146 12.2 34.3 14.6 13.3°"
1-2 39.0 16.1 14.1 44.8 18.9 6.1 337 14.1 12.0 340 14.9 13.0
-1 341 -16.9 13.0  35.9 18.2 12.00 285 13.4 9.5 28.9 147 10.9
T-2 37.5 16.1 14.0 40.5 18.1 13.6 30.9 14.0 11.2  30.0 15.1 11.9
m-1 346 15.2 13.1 36.6 17.7 12.6¢ 30.1 13.2 10.7 29.8 142 12.0

m-2 |38.1 14.6 145 39.2 17.3 14.0 31.3 13.6 11.6  31.4 14.7 12.7
N-1  |37.8 14.5 14.3 40.9 19.0 14.4 30.4 1.40 10.8‘ 29.8 14.9 11.9
-2 40.3 141 14.2 43.4 19.4 151 33.7 14.7 12.1 33.9 14.7 12.6

*See the footnote of Table 8.
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Table 1288)577:15~25° C FEABs & W IR INIBT - BRI ISE » #4024 WEEWIRS
A+ {ERS5R ZRERERE » £ ESEMEAR  BRUNBA—E RO MENNE - RUSZ
KAHE B8 » WS MER S % » HAWBED » BARERBZE M REE « KRN
0.1~ 0.2%UBIEATAELRES » HAIE AR5 RITATEIRE -

Table 12. Changes in aerobic plate count of cold-air dried krill during

B storage at 15~25°C for 35 days. . (no./g of product)

Group* 7days 21days 35days

Control-1 2.5%100 5.0%10? . 2.8x108

Control-2 1.5%x10% o — 3.0x 103
I-1 1.0%102 ) — 2.0x102
I-2 8.0%x102 5.0%x10* 5.0x10%
I-1 _ , . — _ 5.0x10% © 9,5%x102
n-2 5.0x 102 3.9x10¢ 1.5x10®
m-1 5.0 % 101 8.6x105 2.8%10¢
m-2 4.0x102 ) 2.5x10% 1.0x108
-1 —_ — 1.0%x102
w-2 :: — 2.5%x10% 1

.0x 103

*See the footnote of Table 8.
BRI

Table 13 1841 » WRZWECEARAERERTE » BrARERKHNR LS LT
BIREBR - o

- Table 13. The fragility. of cold-air dried krill. ‘(no. of ~dried krill : 20)

. : Cephalothorax : : Telson :
Group* L. 1** 2** 3** . . 1** . 2** 3**
Control-1 11 5 4 16 3 1
Co‘nfcrol-Z o 10 6 4 14 4 2
1-1 33 4 3 12 5 3
12, . 12 5 3 10 . 8- 2
-1 13 5 2 14 4 2
I-z = 14 '5 1 14 4 2
-1 13 4 3 17 2 1
-2 o 12 -5 3 13 6 1
v-1 12 6 2 16 4 0
V-2 15 3 2 12 8 - 0

*See the footnote of Table 8.
*¥Grade 1:little destruction; Grade 2:some destruction;
Grade 3:seyere destruction. )
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